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VJIK 662.6

JI. JI. TosaxkusHckui, I1. A. KanycteHko, kaHa. TEXH. HAYK,
JI. M. Vnses, C. A. bosgeipeB, XapbkoB, YKpanHa

HUHTEIPALIMSA ITPOHECCA JUCTHJIIIALIUU
KAMEHHOYT'OJIbHOM CMOJIbl

V nauiit po6OTI METOAM NiHY-aHaM3y 3aCTOCOBAHO RO CTBOPEHHSA ONTHMAIbHOI CHCTEMH TELIO~
0OMiHy y NpOLEC] AMCTHAALIT KaM’SHOBYT1JILHOT CMOJTH Ha OAHOKOJIOHHOMY arperari, Skui BKJIo-

yae Takox oBnagHanHa Ans nepepobku HadraniHoBol dpakuil.
JIoBeIEHO 1O 33 JOMOMOTOK CTBOPEHO! CHCTEMM TEIJIOBUMIHHIKAB MOXUIMBO 3HU3WTH MUTOME
BXHBAHH rapa4ux yTuniT Ha 47%, a xojoauux — Ha 89% izt pisHs icHYtoUOro y Tenepiwnii vac.

Begeoenue

B paGote [1] aBTOpaMi ¢ MOMOIIBIO anmapaTa cOCTaBHBIX KPUBLIX [2] onpe-
JeJiCH TIOTEHIIHAN HYHeprocOepexeHus A NPOLECCOB AHCTHIUIALMH KaMEHHO-
YroJIbHOM CMOJNBI H NiepepaboTK HapTaNHHOBOH Gpakiiy Ha OJHOKOJIOHHOM arl-
napate OAO «ABpeesckuii KX3». B ykazaHHO# paboTe JOCTaTOYHO MOAPOOHO
MPUBEICHO TEXHOJIOTHYECKOE OITMCAHUE MPOLECCOB, NX TEXHONOTHYECKAs CXEMa U
JIaHHbIE TEXHONOIHYECKHUX [IOTOKOB MpoiieccoB. B pabote ObLIO 1oKasaHo, 4YTO B
CYLIECTBYIOLIEM ceifuac NpoLecce OTCYTCTBYET TEMJIOBas MHTErpaLys, a OT0 O3Ha-~
HaeT, YTO IIPOEKT PEKOHCTPYKLMH TEIIOOOMEHHOH CHCTEMBI IpoLEcca MOXKHO
co3JaBaTh, KaKk KopHeBoit MOP npoexT [2] ais onTUManbHOro 3HadeHus Aly,. B
pabote [1] onpenenens! AT,,;, 11 Bcero Habopa IHEPreTHUECKUX TapugoB, Cylie-
CTBYIOIIUX B HACTOSIEE BPEMS HA MPEJNIPHITHH U N10KA3aHO, YTO MOKHO BBIOpATh
U3 JHana3oHa, ONpeJeleHHbIX 3HAYeHHH AT, Takoe 3Ha4eHME, UYTO CO3JaHHAas
1151 HETo cHcTeMa pekynepaimu Oyaer paboTaTe B ONTHMAIBHOM PEXHUME C TOUKH
3peHus] MPUBEACHHON CTOMMOCTH TIPOEKTa PEKOHCTPYKLMH, T.€. TPOEKT PEKOHCT-
pyKuu OyZeT JOCTaTOYHO I'MOKUM K BO3MOXHOMY M3MEHEHHIO TapH(HOH Noju-
THKH NPEONPUITHS B TOCYAapCcTBa

B nanHo#t paboTe Mbl MOCTPOMM ONTHMAIBHYIO CETOYHYIO auarpammy [2]
U1 IPOEKTa PEKOHCTPYKLMH Npoliecca AUCTHIUIALIMH U ONPEAETTHM, KaK H3MEHAT-
sl OCHOBHBIE €T YHEPIETHUECKHE NAPAMETPhl M IAPAMETPHL, HCIIOIb3yEMOrO Tel-
J1000MEHHOT0 0OOPYJAOBaHUS.

Onpeoenenue snep2onompedienus Oist Cyuecmeylouel Cucmemol

menaoobMena 8 npoyecce OUCMUNAYUY

Ha ocHoBanuu gaHHBIX, OMyOIMKOBAaHHLIX B [1] MOCTPOUM CETOYHYIO Aua-
rpaMMy TPOLIECCOB B LieX€ IIEPEroHKH KaMEeHHOYTOJIbHOH CMOJIBL, T.e. HeNoCpesl-
CTBCHHO TTponecca JIMCTUILIALIINHA KuMel-HlOyl‘()Jll)HOl‘/‘l CMOIJIbl H OTJICHCHHUA HHEPCPa-
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00TKM HaTANMHOBOH (pakiMu ¢ CYHIECTBYIOIECH B HACTOSILEE BPEMS CHCTEMOM
teruiooomeHa (puc. 1). CetouHas nuarpamma paccMaTpHBACMbIX NPOLECCOB Xa-
paxTepHa Ui NPOU3BOACTB C OTCYTCTBHEM TerIoBOW HHTerpanuu [2]. B [1] ¢ mo-
MOMIBIO ITOCTPOEHHS COCTABHBIX KPHBBIX CYLIECTBYIOUIETO, HEUHTEPUPOBAHHOIO
MPOLIECCa MBI ONPEACITHIIM BETUYUHY TOPSYUX YTHIUT, NOTPebIIeMbIX TPOLIECCOM

QO = 3923.6 kBt u BesiMuMHY HEOOXOAMMBIX XONOAHBIX YTHIHT Q¢ = 2064.1 kB,
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Puc. I — CeTouHas quarpamma cyiuecTByroeH Tenno-o0MeHHOH cUcTeMbI Mpo-
LECCOB AUCTHUISLIMM KAMEHHOYIONBHOM CMOsbl 1 nepepaboTky HadTamHOBOH dpak-
uuu. IoToku, HanpaBieHHbIE HANPARO — ropsiuMe MOTOKHU, HaNeBO — xosoausie: C — ox-

naxaenve, H — narpes

YTunuTHOH cHCcTeMO# IS exa NeperoHKH cioyXuT Tpybuaras neub, rie
COKUraeTcst oOpaTHbIH KOKCOBbIH raz u napoBble MarucTpany 3aBoja.

B npolecce AMCTUIISALMY NTAp U3 NAPOBBIX Marucrpajlei HE UCTIONB3YETCH,
a BCs TEIIOBas HEPrus, HeoOXoauMas yTs pa3felieHust cMecH npuobperaeTcs B
Tpy6uaToit neun. [lap w3 maructpanedl ucmosb3yercs B mpolecce nepepaboTku
Ha(TaIMHOBOM (pakiuu ang oborpesa Inpecca M INIABUIBHHKOB, TOTOKH 11 u 12
(puc. 1). MomHocTs, notpednseMas U3 apoBbIX MaruCTpaied TEXHOJIOMHYECKUMHU
MOTOKAaMH, BKIOYECHHBIMK B MHTErpaluio pasna 291 kBt (puc.l.), T.c. Terosas
MOIHOCTB, TIOTpedsgeMast poLeccoM JUCTHILISLHH B IIeyd paBHa ~3633 kBr.

Cunre3 ceTy TerooomeHHbIx armapatos 1t CITLL Apaeesckoro KX3.

Jnst Toro 4TOOBI CHHTE3HPOBATH HHTETPHPOBAHHYIO CHCTEMY TeIIoOOMeHa
paccMaTpUBaeMBIX MPOLECCOB MOCTPOHM CETOUHYIO JHAIPAMMY TEXHOJOTHYECKUX
[IOTOKOB € yKa3aHHeM JOKAJIU3alK THHYa U 6e3 0003HaueHHs yTHIMT Ha NOTOKAX

(puc. 2).
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Mpbl BHAMM, YTO 3HAYMTEILHOE KOJIHWYECTBO NOTOKOB TIEPECEKACT JIMHHUIO
nuu4a. B 1O ke BpeMs M3BECTHO, UTO 00JACTh [IMHYA JENUT CHCTEMY TEXHOJIOTH-
YeCKMX NOTOKOB paccMaTpuBacMOro IIpoUecca Ha JiBe TEPMOJHHAMHUYECKH He3a-
BUCUMBIE IOJCHCTEMBI, KaXKJasg U3 KOTOPBIX HAXOMUTCH B TENJIIOBOM PABHOBECUH
CO CBOMMH YTHJIUTaMH [2], T.e. B TeMJIOBOH CETH C MAKCHMAJILHOH peKyrneparuei
SHEPIUM AN AAHHOTO AT, ¥ MaKCHMAalbHBIM NOTpEONEHHEM BHELUHEH SHEPrHU
MBI JIOJDKHEI 3a[PETHTH Mepesiady TeIioBoil aHeprun Yepes nuny. [ng stero, uc-
NOJIL3YS TIPABHJIA ¥ METOABI IIMHY-aHAIM3a BBITIOJHAEM OTAENbHO NPOCKTHI TEMIO-
BBIX CeTeH BhIIlE ITHHYA U HIKE IMHYA, H CIIMBAEM HX Ha TEMIIEpATypax NHHYA.
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Puc. 2 — Tlosnas cucrema TexHosorndeckux notoxkos CIIL, yyacTBytomux 8 uHTErpa-
umu. [TyHKTHpHAs MMHUS — pasjieieHde Ha nuH4e. [opsure NOTOKK HanpasiieHbl Hanpa-
BO, X0N10AHble — HaneBo. Ne — Homep noTtoka 1o Tabanue 1; CP — notokosas tennoem-
kocThb, KBT/K; AH ~ uzmeneHne mnoTokoBoit anTansnuu, kBt

CeroyHas auarpamMma s TENJIOOOMEHHON CUCTEMBI, TOCTPOEHHOH ¢ pas-
JejleHdeM Ha nuH4Ye, rnoxaszana Ha puc. 3. Ilpy nocTpoeHun 310H ceTouHo# nua-
rpamMMbl YYUTHIBATOCH, YTO MOTOK Nel COCTOMT M3 TPEX TEMIEPATYPHBIX CErMEH-
ToB [1], B KaX/OM U3 KOTOPBIX AOJDKHBI OCYLIECTBAATECA CBOH YCIOBHUA TEINN000-
MeHA OTJIHYHBIE OT YCJIOBHH Apyrux cermeHroB. [lepBeiif TemneparypHbid cer-
MEHT JTOro TIOTOKA HaXOJUTCs B uHTepBane temmnepatypsl 403 — 373 K. B stom
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MHTEPBAJle OXJIAXAAtOTCH Napbl IIEPBOH CTYNEHH ucnapurelis. X notokosas ten-
noeMkocTsb pasHa ~ 0,3 kB1/K. Oxnaxaenue napos npoMcXORHT 0 TEMIEPaTyphl
KOHJIEHCAl[HH, KOTOpas paBHa TeMllepaType NHHYa ropsyux notokos. Cienopa-
TEJNbHO, H3MEHEHHE TOTOKOBOH 3HTAJIBITUY [IEPBOTO [TOTOKA BHIIEC MTHHYA COCTABHT
BenuuHHy ~9 KBT. Hike BepxHeil TeMniepatypbl MHHYA Ha EPBOM IIOTOKE NPOHC-
XOAMT KOHJEHCALUS, IV 4Ero HCNOJIb3YIOTCS TemIooOMeHHble annapatsl To 1 T,
a 3aTeM OXJIaXJEHHEe KOHJAEHcaTa (pHC. 3) B peKyNepaTHBHOM TEMIOOOMEHHHKE
T, u JanbHelnee OXNaXAeHHE B YTHIHTHOM TerrioobMennuke C.

AHanoruyuHel#t TEI1000MEH NPOUCXOAUT NTPH OXJIAKIECHUH rOpAYEro TOTOKa
Ne 2. lo TemriepaTypbl IIMHYA OXJAXKAAIOTCS NIAPHI JIETKOTO Macla, a 3aTeM MPOUC-
XOJMT UX KOHJCHCALUs U OXJIXK/IEHUE KOH/IEHCaTa.

[ToTok HCXOAHON KaMEHHOYTOJIbHOH CMOJIBI HHXKE MUHYa MOXeET OBITh MpH-
Be/IeH K €ro MUHY-TeMIlepaType 3a CYET TeIJOOOMEHa C KOHJIEHCHPYHOLHMHUCS
HiapaMH epBOH CTYTIEHH HCTTapuTesis TernooomMenHsii anmnapat Tg (puc. 3). Boune
MTHHYA 3TOT NOTOK MOXHO MPHUBECTHU K €r0 LIENeBOH TeMIeparype ¢ HOMOLIbIO Te-
m1oo0MeHa ¢ MPOIYKTaMH PeKTH(HKaIHH, HO JIS 3TOro HeoOXOAUMO paciueri-
JATH TOT NOTOK Ha YETHIpE NMapauie/IbHBIX MOANOTOKA, YTO MOTpeOyeT yCTaHOBKU
KOJUIEKTOpa M YCTAHOBKH Ha BETBIX M0TOKa TennoooMeHHUKoB T3, Ty, Ts u T (puc
4.2). YcTaHOBKA YKa3aHHBIX PEKYNEPaTUBHBIX TEIIOOOMEHHHUKOB UCKIIOYAET He-
00X0JMMOCTh HarpeBa ChIpOH KaMEHHOYIOJNILHOH CMOJIBI B TpyOUaToH neun nepej
rioiaveli ee B HCHAPHUTEJb MEPBOH cTyneHH Juis 06e3BoXHBaHus (puc. 3).

IMotok 06e3BoxxenHO# cmoutsl Ne 10 Taroke 1o/mkeH ObITh paclenUIeH Ha 1Be
napaUieibHble BETBH, OJHa M3 KOTOPBIX CBA3bIBAacTCs TEMJIO0OMEHHHKOM C rops-
9uM NoTOKOM Tieka Ne 8, a apyrag ¢ ropsadmM MOTOKOM BTOPOH aHTPalMHOBOH
¢pakiuu Ne 3. 3a cueT TeriooOMeHa 00€3BOXKEHHAs CMOJIA HArpeBaeTcs OT TEM-
neparypsl 403 K no temnepatypst 494 K. IIpn 3Tom pexynepupyercs Teronas
MomHoceTh paBHas 1,054 MBT.

Xonoausli norok Ne 11 ~ HarpeB W muiaBjieHHe HadTanvHa B IPECCE MOXKET
ObITh IOBEJIEH O NUHY-TEMIIEPATyphl B HPOEKTE HIKE NMHHYA C HOMOIIBIO OXJIaX-
IeHHSA KOHJEHCaTa napoB w3 mcnaputens 1 crynenn. Ha cetouso#t suarpamme
B3aMMO/ICHCTBHE MEXIY YKa3aHHBIMHM OTOKaMH NOKa3aHo pa3MeleHueM Ta.

ITocne Toro, Kak Mbl yAOBJIECTBOPUM TEMIIEpaTYpHble TPEOOBAHMSA XOIOAHBIX
notokoB Ne 9 u No 10 Belle nuHYa y HAC OCTAJIUCH HEYAOBICTBOPEHHBIMHU IOps-
ype notoku Ne 1 u Ne 2, HO M3MEHEHUs] HX MOTOKOBOIO TEIUIOCOJAEPKAHHS 3[ECh
He3HaYHTebHBl. MOYKHO OpraHH30Barh TEMIOOOMEHHBIE CBA3H MEKAY TTOTOKAMHU
1 112,21 11, kak noka3aHo Ha puc. 3.
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Puc. 3 — Cerounas auarpamMma npoekTa peKoHCTpy ki tennoobmennoii cetu CIIL ¢ pa3-
AeNeHHeM Ha nuHue, noctpoennas and Ay, = 12K T,-T}, — pexynepatusHbie Tennoob-
MeHHbie annaparsl; C' -~ YTUIHTHbIE TeNN000MEHHbIE annapaTsl; F — Tpybuartas neus; S —

Harpes napamu cpeiHero aasienus; CF — noTokoBas TemaoeMKocTs, KBT; Ne — nomep no-

Toka u3 Tabauupt 1. [lon 00o3HaueHue TennooOMEHHbIX annapaTos NOKa3aHbl HX TEMIOBLIC

Harpysiku, KBT; Ha paciienneHnsX noToKoB 10Ka3aHbl POLEHTHI OT 00ILEero MaccoBoro
pacxoaa notoka. Ha wirpuxoBoi aMHNY, pasaenstoiied NofHyIo CHCTEMY Ha TEMJIOBOH CTOK
¥ TeNAOBOH UCTOUHHK FOKa3aHbl MHHY-TEMIICPATYPbI

MBI BUIUM, 9TO Ha CETOYHON Juarpamme, u300paxeHHOH Ha puc. 4, Tipu cuIm-
BaHHHU IPOCKTOB TEILIOCETEH, BHINIOJHEHHBIX BBILEC U HIKE NMHYA HOABUICH LK,
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obpazosanHbii Ten1ooOMennukamu 1) U 7o, a Takke CyHIECTBYET yTHIMTHBIH MyTh
MEXY YTHIIMTAMH, pacrioyioXeHHbiMu Ha notokax Nel u Ne 12, Dro naet Bo3Mox-
HOCTb HECKOJILKO YIPOCTHTH CTPYKTYPY IPOEKTa TeNnIOOOMEHHOH CeTH, pa3pbiBas
MK ¥ 3aTeM YOUpas YTHIHTHbIA TEIIOOOMEHHHK HA MIOTOKE 12 ¢ HOMONIBIO YBENH-
YeHUs TETUTOBOH HArpy3KH Ha OCTaBLIEMCS OT LIUKJIA TCIUI00OMEHHHKE.
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Puc. 4 — CeToynas auarpamMma ONTUMU3UPOBAHHOTO NPOEKTA PEKOHCTPYKLMH TENN006-
menHoit cetu CIILL O603HadeHHs aHaNOrM4YHbl 0603HaUEHHAM Ha puc. 3

MOIHOCTE, TENNOBOH HArpy3KH TEIIOOOMeHHOTO armaparta 7; pasHa ~3
kBT, 4, MO3TOMY 9KOHOMUHYECKH €I'0 HEBBIT'OIHO YCTAHABJIMBATH, H Mbl €0 HCKIIIO-
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YUM M3 TEIIOBOM ceTU. B UTOre nociie CUIMBaHUs MPOEKTOB, BBIIOJIHEHHBIX Bbllle
¥ HUOKE TTHHYA, [0JIyYaeM CETOYHYIO JAHarpaMmy NpoeKTa PEKOHCTPYKUMH Terio-
0OMEHHOM cETH NPOUECCOB MHCTWUIALHK KaAMEHHOYTOIBHOH CMOJIbI H NiepepaboT-
K1 HadTaTHHOBOH (pakuuu (puc. 4).

O6uias MOIHOCTH TEIJIOBOU 3HEPrUH, NOTPednaeMOil OT ropsaYux yTHIINT,
YKa3aHHBIMH TpoLiecCaMi € MOMOILIBIO MPEJUIAraeMoOM CHCTEMBbI TemiooOMeHa
paBHa Qpmin = 2087 kBT, uto Ha 1837 KBT MeHbIlE, YeM B JASACTBYIOUICH CelHyac
CHUCTEME TENIo00MeHa. JTO 03HAYAaeT, YTO MOTPEOICHHE SHEPTHN MOXHO COKpa-
TUTH Ha ~47% OT CYLIECTBYIOUIErO B HACTOSILEE BPEMs YPOBHSI.

TMotpebienre XOMOMHBIX yTHIMT B IPEAATacMOM IPOEKTE TENI000MEHHON
cetu CITL] MoxeT ObIT CHHXEHO 10 BeJTYHHE! 243 kBT, 1.e. Ha 88 % oT cywect-
BYFOLIETO HbIHE YPOBHS. |

IMpu cronmoctu ropsyux ytuaut 30 USD 3a 1 xkBr-roa u xonoanpix — 7.3
USD 3a | kBrroa yMeHblIeHHE 3HEPromoTpeOsieHMs HpOLeccaMM NpUBEJET K
skoHoMuH paBHOH ~68400 USD B roa. Ouenka cTOMMOCTH NpeAnaracMoi pekos-
CTPYKIIMH IOKa3aJ1a, YTO CPOK €€ OKyNaeMOCTH He NPEBBICHT 1.2 roja.

3axniovenue

TIpuMeHeHre METOIOB MMAY-3HANA3A K MHTErpaiHy TEMOBbIX MPOLECCOB
CMOJIOTEPEroHHOTO Lexa Asjeesckoro KX3 no3sonHt 3koHOMHTE ~ 50 % oOpat-
HOTO KOKCOBOI'O Ta3a OT ypOBHst MoTpeOsieHHs B HAaCTOALIEE BpeMA M YMEHBIIUTH
noTpeOieHUe TEXHWYECKOH BOJBI, UCIIONB3YEMOH [UTH OXJIAXICHUS TEXHOJIOTHYe-
CKHX TT0TOKOB Ha 88 %.

ITpubbiib OT BHEJPEHMS NAHHOTO MPOEKTa COCTaBUT BEMMYHHY ~ 68500
USD, a cpok oKyraeMocTH mpoekTa 6nu30K K 1 rozay.

Obosnavenus. Qcpin — L1E€NEBbIE 3HAYCHHS JUISL XOJIOAHBIX YTHIHT; Qpmin —
HeJieBble 3HAYEHHA JUIS TOPSYMX yTWIMT; AH — HW3MeHeHHe NOTOKOBOH DHTanb-
may; AT, — MUHMMANbHas PasHOCTb TEMIEpaTyp MEXIY TEIUIOHOCUTENsIMH B
TEMNOOOMEHHBIX annaparax.

Cmncox auveparypoi: 1. Tosaocusnexuii J1J1, Kanyemenro I1.4., Yaves JIM., bonabi-
pes C.A., byxkano CW., Kaypman C.HU.. Onpenenenue noreHuuana sneprochepexenus npo-
flecca AUCTHIIALMY KaMEHHOYIoAbHOH CMONbL K Mpolecca niepepaboTku HadranuHosol dpak-
unu Ha Asieesckom KX3 // literposani Texnonorii ta eneprosbepexants. 2003, Ne 2. C. 23 ~
30. 2. Cmum P., Krevew H., Tosaxcusmcruii J1J1, Kanyemenxo I1LA., Yaves JL M. OcnoBbl 1H-
Terpauny Tenoselx npoueccos. Xapskos. HTY “XITH”. 2000. C. 456.
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